The Yellow River is the second largest river in China. Carbon transport by the Yellow River has significant influence on riverine carbon cycles in Asia. In order to monitor seasonal and spatial variations of carbon concentrations and to estimate carbon exports, water and suspended solids were sampled every 10 days at three representative stations (Qingtongxia, Tongguan, and Luokou) along the mainstream of the Yellow River. Results showed that riverine carbon was mainly in dissolved form, except during flood period and water and sediment regulation (WSR) scheme, when particulate organic carbon (POC) dominated. Concentration of dissolved inorganic carbon was mostly 5 to 10 times higher than that of dissolved organic carbon (DOC). DOC was mainly related to a natural process (leaching effect) in the upstream and anthropogenic activities in the midstream (domestic sewage and fertilizer application) and downstream (industrial wastewater). POC was connected with high suspended solids. Annually carbon delivered to the Bohai Sea was 1.34 × 10 12 g/yr, accounting for 0.15% of the global total riverine carbon flux. Mean DOC exported accounted for 0.12% of the Asian rivers' DOC flux. WSR played an important role in the carbon transport, which accounted for
INTRODUCTION
Rivers, in particular, large rivers, play a critical role in the global carbon cycle by linking the atmosphere, the land, and the ocean system (Ludwig et It is estimated that about 0.9 Gt of carbon is carried every year by the world's large rivers (Meybeck b) , among which Asian rivers make significant contributions as they deliver about 70% of the global total suspended solids (Milliman & Meade ) . The Yellow River is the second largest river in China and ranks one of the highest in terms of the sediment load among the world's rivers (Wang et al. ) . A few previous studies have been carried out to estimate the amount of carbon exported by the Yellow River. However, these studies were mostly based on a single sampling event or separated cruises (Hu Mackenzie ; Zhang et al. ; Chen & Wang ), which could not fully reflect the carbon delivery dynamics, as the hydrological regime was highly variable between different seasons (Ran et al. ) . With 2-3 orders of magnitude in variance, the obtained carbon fluxes were also likely misleading. Additionally, these studies were principally based on carbon concentration and water discharge before 2000. Since 1999, the Yellow River has never dried up. The annual water discharge actually shows an increasing trend (Zhang et al. ) .
However, the suspended sediment supply from the Yellow River has decreased by 84% due to both anthropogenic (e.g. dam and reservoir constructions) and natural causes (Dai et al. ) . 
Sampling and measurement
Water samples were collected every 10 days to measure the concentrations of dissolved total carbon (DTC, mg/l), dissolved organic carbon (DOC, mg/l), and particulate organic carbon (POC, mg/l). Water samples were filtered through preweighted and precombusted (at 450 W C for 6 h) GF/F glass-fiber papers. Filters were dried at 50 W C for 24 h for POC analysis. Filtrates were separated into two parts and kept in 1-liter high density polyethylene bottles, respectively, which have been pre-washed by acid and neutralized. The part for DTC analysis was untreated, while the other for DOC analysis was acidified with H 3 PO 4 at pH 2 to remove dissolved inorganic carbon (DIC). All samples were preserved at 0 to 4 W C before measurement.
Concentrations of carbon were determined using a high- 
where Flux C refers to daily (g/day) or annual carbon flux (g/yr), con is the concentration of carbon in different forms (mg/l), Q refers to the water discharge through a section in unit time (m 3 /s).
RESULTS AND DISCUSSION
Carbon concentration DOC concentration showed relatively complex seasonal variations at three stations along the mainstream of the Yellow River (Figure 2 DIC/DOC ratios were concentrated at 3-12.9 and 3.5-19.8, respectively. At LK this ratio was distributed from 4.7 to 46.
Therefore, the dissolved carbon in the water of the Yellow River was mainly in the inorganic form, and the DIC gradually increased in the proportion of DTC from upstream to downstream.
Statistical information regarding carbon species is described in indicating some periods in which the environments helpful in removing DIC probably existed. However, the average DIC at the TG station was slightly higher than that at the QTX station, indicating that the added DIC was still more than that removed in general. The minimum and average DIC at the LK station were much higher than those at the TG station, which showed that the added DIC substances were still more than those removed from midstream to 
Factors controlling carbon concentrations

Principal component analysis (PCA) results
The PCA was applied to extract the most important physicochemical factors controlling carbon species along the mainstream of the Yellow River (Table 3) . For the QTX station, four components were extracted. The first PC 
Factors controlling DIC concentration
Aquatic inorganic carbon exists in three species, HCO 3 À , CO 3 2À , and CO 2aq (including H 2 CO 3 ). DIC is defined as the sum of all three species, with most in the form of atmospheric CO 2 , which was transferred into the river in the form of HCO 3 À , through the following simplified reactions:
Silicates:
For the Yellow River basin, 55% of HCO 3 À was derived from atmospheric CO 2 by rock weathering, while 45% of At QTX and LK, DIC concentrations were generally negatively correlated with water discharge. High DIC concentrations were observed during the dry, low-discharge period of winter and early spring, whereas low concentrations were observed during the wet, high-discharge season of late summer and early fall (Figure 3 ). During high-discharge periods, DO in water was low, and the river was mainly in a reduction environment, which favored denitrification, while during dry seasons, the water discharge was smaller and the river was in an oxidation environment (Wang et al. a) . 
Factors controlling POC concentration
In poorly turbid waters (TSS <100 mg/l), riverine POC originates mostly from soil erosion, whereas in highly turbid rivers or during major river floods in semi-arid environments, riverine POC probably originates from rock erosion (Meybeck a). In the Yellow River, a considerable portion of POC originated from the mechanical erosion of sedimentary rocks and a small portion originated from soil horizons (Ran et al. ) . Among all the factors that may control the POC concentration, the sediment solids showed a most significant Daily DIC and POC fluxes were also highly influenced by water discharge, especially during high discharge periods and the WSR scheme in the downstream. As DIC dominated DTC, variations of daily DTC flux were similar to those of Notes: QTX -4 components extracted; TG -3 components extracted; LK -3 components extracted; T -water temperature, DO -dissolved oxygen, EC -electrical conductivity, TSS -total suspended solids, Flow -water discharge, COD -chemical oxygen demand.
DIC. From upstream to downstream, annual DIC fluxes were 533.6, 673.8, and 788.8 thousand tons, respectively (Table 2) . (Table 4) .
Implications for global carbon export
Compared with the world's major rivers, the DIC concentration in the Yellow River water was among highest ( Table 4) . Similarly high DIC concentration was found in the Mississippi River, which was also due to the extremely high weathering rate (Cai ) . Additionally, relatively high DIC concentrations at the Ganges, Indus, and Nile rivers were probably due to the concentrating effect caused by high water evaporation (Cosa & Tremblay ;
Kempe ). However, due to the low water discharge, The Yangtze River is the largest river in China. It was estimated that annually 17.7 × 10 12 g/yr carbon was exported to the East China Sea, including 14.6 × 10 12 g/yr and 0.9 × 10 12 g/yr as DIC and DOC, respectively (Wu et al. ) . Therefore, the TC, DIC, and DOC exported i. Water, sediment discharge, and drainage basin data are from Milliman & Meade (1983) and Meade (1996) .
ii. DIC concentrations are from Xia & Zhang (2011) and the references therein.
iii. DOC and POC concentrations are from Ludwig et al. (1996) and the references therein. iv. DIC, DOC, and POC fluxes data are from Ran et al. (2013) and the references therein.
[5] Lobbes et al. (2000) .
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